Abstract ACE inhibitory and antioxidative peptides identified by LCMS/MS, from mixed milk (Bubalus bubalis and Bos taurus) tryptic whey protein hydrolysate, were compared with the in silico predictions. α la and ß lg sequences, both from Bubalus bubalis and Bos taurus, were used for in silico study. SWISS-PROT and BIOPEP protein libraries were accessed for prediction of peptide generation. Study observed gaps in the prediction versus actual results, which remain unaddressed in the literature. Many peptides obtained in vitro, were not reflected in in silico predictions. Differences in identified peptides in separate libraries were observed too. In in silico prediction, peptides with known biological activities were also not reflected. Predictions, towards generation of bioactive peptides, based upon in silico release of proteins and amino acid sequences from different sources and thereupon validation in relation to actual results has often been reported in research literature. Given that computer aided simulation for prediction purposes is an effective research direction, regular updating of protein libraries and an effectual integration, for more precise results, is critical. The gaps addressed between these two techniques of research, have not found any address in literature. Inclusion of more flexibility with the variables, within the tools being used for prediction, and a hierarchy based database with search options for various peptides, will further enhance the scope and strength of research.
Introduction
Mostly all proteins may be considered as the precursors of bioactive peptides that reside in dormant state within the parent sequence and may confer variety of biological activities after being defragmented by proteolysis (Dziuba et al. 2004 ). Subsequently, proteolytic digestion of milk and whey proteins for generation of peptides with specific physiologically beneficial activity, have attracted thick research since late. Often the term Peptidome has been associated with such kind of study where peptides present in an organism are described. The identified peptides then can be well recommended as a component for functional foods. Antibacterial, immunomodulatory, anticancerous, antioxidative, mineral binding, hypotensive etc. peptides have been found to address the corresponding issues. It is imperative to state that the health benefits enticed by these peptides encompass multi facets depending upon what sequence has been freed, which again rests on parent sequence and release process subjected to synchronization by many other factors. Hypotensive competency of bioactive peptides remains a potent study scope in relation to the risen stress levels and time crunches amongst the current populace. This has primarily been related to the prevention of conversion of angiotensin I to angiotensin II by way of impeding the angiotensin I converting enzyme (ACE) resulting a depression in blood pressure and thereby hypertension. The whey protein hydrolysates are well capable of fostering antioxidative benefits by means of halting oxidation intervened by free radicals too (Kamau and Lu 2010) . The function of free radicals against ails as aging, cancer, inflammation etc. is quite on records (Ames et al. 1993) . Association and application of computers have imperatively become an integral part of research. Protein libraries and databases like BIOPEP and SWISS-PROT have been utilized for various simulated and comparative research activities related to proteins and peptides. Tools like PeptideCutter, PeptideMass, Peptide Builder, PepPepSearch available at Bioinformatics Resource Portal, ExPASy, assist predictions related to research with peptides through a database search. Researchers like Dziuba et al. (2004) , Vermeirssen et al. (2004) , Pripp (2005) , Chang and Alli (2012) have effectively applied the in silico technique for prediction and comparison of results. The paper attempts to compare and corroborate results from an in vitro and in silico study and also addresses the identified gaps related to the integration of these two methodologies.
Materials and methods

Materials
Amino acid sequences
Amino acid sequences of α la from Bubalus bubalis (Entry -Q9TSN6, Entry Name -LALBA_BUBBU, Length -142 AA, Mass -16,275 Da), Bos taurus (Entry -P00711, Entry Name -LALBA_BOVIN, Length -142 AA, Mass -16,247 Da), ß lg sequence from Bubalus bubalis (Entry -P02755, Entry Name -LACB_BUBBU, Length -180 AA, 883 Da) and Bos taurus, (Entry -P02754, Entry Name -LACB_BOVIN, Length -178 AA, Mass -19,883 Da) were obtained in FASTA format from the Protein Knowledgebase (UniProtKB) database (SWISS-PROT and TrEMBL) available at www.uniprot.org.
Whey protein concentrate (WPC) and enzyme
WPC 70 was procured from Modern Dairies Pvt. Ltd. Karnal, Haryana, India, and stored in airtight container till further use.
The enzyme trypsin (EC 3.4.21.4) was obtained from M/s Sigma (USA) and stored at 4°C.
Chemicals
Analytical grade reagents and chemicals from reputed companies were used for chemical analysis.
Methods
In vitro analyses of experimental hydrolysate
The complete experimental design has been presented at Fig. 1 . WPC 70, prepared from mixed milk of Bubalus bubalis and Bos taurus, was procured. The determination of optimum hydrolysis conditions for most hypotensive and antioxidation effect was done by the study carried out employing Central Composite Rotatable Design model under Response Surface Methodology using DesignExpert TM software with pH, time and temperature as process variables over different range (complete optimization study not published yet). The pH, time and temperature ranges were taken as 5-8, 37-50°C and 2-8 h respectively and the initial static conditions were kept as 65°C pre-heat temperature, 0.01 enzyme-substrate ratio and 90°C /10 min enzyme inactivation temperature-time combination. Based upon the results from this study, hydrolysis of 5 % protein solution of whey protein concentrate of 70 % protein at pH of 7.97 (~8.00) and temperature of 37°C for 8 hours was performed that resulted in 76.09 % ACE inhibition and 51.83 % antioxidation property at 13.22 % degree of hydrolysis (work not published yet). ACE inhibition was calculated in vitro as per method given by Cushman and Cheung (1971) , degree of hydrolysis by pH stat method (Adler-Nissen 1986) and antioxidative activity by DPPH (2, 2 diphenyl 1 picryl hydrazyl) method (Shimada et al. 1992) . The selection of 13 % as keeping particular percentage for lowest cleavage probability was based on Degree of Hydrolysis obtained from this optimization study of tryptic whey protein hydrolysate for maximum generation of ACE inhibitory and antioxidative peptides. The flow for the preparation of hydrolysate is provided in Fig. 2 . The hydrolysate obtained was fractionated using ultrafiltration system (Amicon) in which the hydrolysate was filtered through 3,000 Dalton molecular weight cut off membrane, at 7,000 g. Permeate and retentate obtained was separately collected and the permeate was subjected to freeze drying as preparation of samples for peptide identification by LCMS/MS. The identification of these peptides was done using LCMS/MS. The samples were sequenced at Proteomics International Pvt. Ltd, Western Australia through TechnoConcept Pvt Ltd., New Delhi. The detailed results are presented at Table 1 .
Peptide release using peptidecutter
The complete approach to prediction and validation is summarized in Fig. 1 . Protein sequences of α la and ß lg were selected from the database at www.uniprot.com, the details of which are provided under Materials section. Each sequence was then subjected to in silico release of peptides by enzyme trypsin, using the tool PeptideCutter available at www.expasy. org. Thereafter, each individual sequence in FASTA format was entered in the tool and the cutting of the sequence was performed by selecting sophisticated model for trypsin, mapping of cleavage site (60 amino acids per block), table of sites sorted alphabetically by enzyme and chemical name;
and table of sites sorted sequentially by amino acid number. The lowest cleavage probability to be displayed was kept at 13 %. After the cutting of the sequence was performed, a list of probable peptides with cleavage sites, length of peptides, peptide mass and cleavage probability was obtained.
BIOPEP analyses
Parallel to PeptideCutter, a two way BIOPEP analyses was performed at http://www.uwm.edu.pl/biochemia/index.php/pl/ biopep. Here, firstly individual sequences in FASTA format was used for prediction of release of peptides using enzyme trypsin. This analysis was carried out by selecting the option 'ENZYME(S) ACTION' at the above portal. However, factors such as percentage cleavage probability, enzyme/substrate ratio, time, temperature and pH for the lysis could not be taken into account due to non availability of any such possibility. Thereafter, from the above stated portal, another available option 'PROFILES OF POTENTIAL BIOLOGICAL ACTIVITY' was selected and ACE inhibition activity (Code from the available Drop Down Menu -ACE inhibitor | ah) and anitoxidative property (Code from the available Drop Down Menu -antioxidative | ao) were sequentially selected and the above stated sequences under 'Materials' section were used one by one for prediction of the peptides with the sought properties. Since, throughout the in silico experiments, the results from α la sequence of Bubalus bubalis and α la sequence of Bos taurus were truly identical, only results from α la sequence of Bubalus bubalis have been discussed, and presented wherever required. Peptides from prepared hydrolysate, as identified through LCMS/MS and other details as obtained are provided in Table 2 . All the obtained peptides were fractions of β-lg. Several studies have attempted linking the inhibitory activity with the primary structure of the peptides. The favorability of hydrophobic amino acids at each of the three C-terminal positions has been suggested by Li et al. (2004) , LopezFandino et al. (2006) , Otte et al. (2007) . Cheung et al. (1980) found that amino acids, namely Pro, Trp, Tyr and Phe, to be utmost effective at the ultimate C-terminal. They further advocated the exceptional better binding of Pro to ACE. This is even seconded by QSAR models studies by Pripp et al. (2006) thus concluding that hypotensive property as expressed by small peptides are strongly and progressively correlated to the positioning of hydrophobic amino acid at the ultimate C-terminal. However, cleavage specificity of an enzyme also plays an equal determining role in proteolytic peptide release. Since the enzyme used here was trypsin, all the cleavage points are either at AA residue Arginine (R) or Lysine (K) thus conforming to the specificity of tryptic action (Table 2 ). This is also corroborated by the results from in silico analysis where in Fig. 3 ; starting from 1st AA and moving to 142nd; and in Figs. 4 and 5; starting from 1st AA and moving to 180th and 178th respectively; the cleavage points and percentage probability of cleavage for α la, ß-lg from Bubalus bubalis and Bos taurus sequences are presented and all the cleavage points are either at AA residue 'R' or 'K'. It must be stated that differences in the molecular weights were observed between the obtained peptides and reported peptides in the literature. This may be due to the difference in the amino acid composition of the protein.
PeptideCutter software has been used previously by Pripp (2005) for evaluating the proteolytic effect by selected enzymes, over milk proteins. The guidelines of the research was further utilized by Otte et al. (2007) for similar work where they studied the effect of substrate, enzyme and time of hydrolysis on ACE inhibitory activity of milk proteins. With adherence to similar guidelines with the same software, results obtained are discussed hereunder. Table 3 shows the action of enzyme trypsin on the α la sequence of Bubalus bubalis and the possible peptides generated thereof, along with length of peptide and molecular weight. Throughout the study, the results of all in silico experimentation on α la sequence from Bubalus bubalis and on that of the sequence from Bos taurus were exactly identical since the parent sequence, as selected from the UNIPROT database, was a true match.
Similarly, Table 4 and Table 5 enlist the peptides from ß lg sequence of Bubalus bubalis and Bos taurus, respectively, with cleavage points and percentage probability of cleavage being presented at Figs. 4 and 5, correspondingly. The presented sequence ß lg from Bubalus bubalis has AAs GLALACAAQAI at location {9-19} whereas from Bos taurus, has AAs ALTCGAQAL at location {9-17}. Also, the latter has AA 'I' at location {178-178} whereas the former has AA 'V' at location {180-180}. The difference in the length of sequence is drawn from the difference at position The analysis was simultaneously performed at BIOPEP. α la sequence when subjected to enzyme action of trypsin, returned fractions that were a replica of Table 3 . However, amongst 13 peptides, only 02 peptides, namely ALCSEK at location {128-133} and VGINYWLAHK at location {118-125} were found to be the only peptides to have been reported biologically active, in the database, with antibacterial and ACE inhibitory activity, respectively. In literature, the reference for this peptide and its' biological activity, can be drawn from the works by Pellegrini et al. (1999) , Dziuba et al. (2009) and Madureira et al. (2010) .
Likewise, both the sequences of ß lg (i.e. from Bubalus bubalis and Bos taurus) were also subjected to enzyme action by trypsin and they returned sequences, that were corroboration of Tables 4 and 5, correspondingly. From these, the identified active peptides with reported biological activity were exactly similar. ALPMHIR and GLDIQK were 02 peptides with ACE inhibitory property whereas other 02 peptides (Mullally et al. 1997) i.e. IPAVFK and VLVLDTDYK had antibacterial property, as reported in the library. List of peptides with ACE inhibiting property and antioxidant property; individually; from α la sequence of Bubalus bubalis and ß lg sequence of Bubalus bubalis and Bos taurus, was obtained from BIOPEP analyses. These results were compared with those obtained from the whey protein hydrolysate prepared by trypsin. The LCMS/MS identification Fig. 4 Cleavage sites in ß-lg sequence from Bubalus bubalis returned 16 peptides out of which 14 peptides have been previously reported in the literature with biological activity(ies), 01 peptide, that although matches with the in silico prediction, the biological activity of it is yet unreported, subjected to any, and 01 peptide did not find any match with regard to library or literature. These peptides have been enlisted in Table 2 . It shows 06 peptides with ACE inhibitory property, 02 peptides with ACE inhibitory and antimicrobial property, 01 peptide with ACE inhibitory and antioxidant property, 02 peptides with antioxidative property, 01 peptide with bactericidal property, 02 peptides with ACE inhibitory and immunomodulatory property and 02 unreported peptide. When these obtained peptides were tallied with the results from in silico experiment by PeptideCutter, 07 peptides (from Table 2 ; S1. No. 5, 6, 9, 10, 11, 13 and 16) out of 19 (Table 4  and Table 5 ; S1. No. 5, 6, 11, 12, 13, 16 and 19; each) were observed to be coinciding. However, all the peptides were from ß lg fraction of whey protein. Also, all the 07 peptides were in the ß lg fraction of both Bubalus bubalis (Table 4) and Bos taurus (Table 5) . Amongst these matched peptides, 04 (Table 2 ). Peptide PTPEGDLEILLQK though was returned in in silico prediction and was found in actual samples too, the biological activity of it remains unexplored. Peptide EVDDEALEK was neither identified by in silico method nor does it find any reporting in literature but was found in the hydrolysate samples. The remaining 02 peptides from 07 matched, VYVEELK is documented against antioxidant and SLAMAASDISLLDAQSAPLR and IDALNENK against ACE inhibitory and immunomodulatory properties, respectively ( Table 2) . The results from PeptideCutter were found to be parallel, when related to those from 'ENZYME(S) ACTIVITY' of BIOPEP analysis, throughout. From both, PeptideCutter and BIOPEP, the peptide ALCSEK, as from α la sequence of Bubalus bubalis, was the only active fragment documented in the database with its biological activity being antibacterial. The BIOPEP analysis returned 04 peptides with biological activity when ß lg sequence of Bubalus bubalis and Bos taurus was tested for action of trypsin, individually. Since the peptides were same, the obtained peptides have been presented in only one table i.e. Table 6 . Amongst these, ALPMHIR and GLDIQK were documented as ACE inhibitory and IPAVFK and VLVLDTDYK as antibacterial in the database. However, peptide GLDIQK as returned by BIOPEP, was not identified in the hydrolysate samples. Moreover, peptides ALPMHIR and VLDTDYK are reported, respectively, as antioxidative and ACE inhibitory in the literature (see Table 2 for references), but the same is not reflected in the BIOPEP database.
Upon analyzing the sequences with the tool 'PROFILES OF POTENTIAL BIOLOGICAL ACTIVITY' from BIOPEP, α la sequence returned 37 probable peptides with ACE inhibition property and 06 with antioxidative. With the same tool, ß lg sequence of Bubalus bubalis and Bos taurus, returned 66 and 64 ACE inhibitors respectively and 14 antioxidative peptides. Only 02 peptides, and that too only ACE inhibitory, i.e. ALPMHIR and VLDTDYK, corresponded with the resulting peptides from the optimized hydrolysate. Peptide VLDTDYK was though predicted as an ACE inhibitor from ß lg, in the BIOPEP analysis, the generation of peptide was not predicted in the in silico proteolysis, either by PeptideCutter or ENZYME(S) ACTION tool. However, the peptide was identified in the optimized hydrolysate. Antioxidant activity of ALPMHIR was not found in the library though the peptide is known for this property as per works of Mullally et al. (1997) . Apart peptides discussed so far, the peptides identified from the optimized hydrolysate, also included IIVTQTMK, SLAMAASDISLLDAQSAPLR, DAQSAPLR, IPAVF and PAVFVF reported with ACE inhibition activity (Table 2) , AASDISLLDAQSAPLR bactericidal and ALKALPMHIR with antioxidant activity. These peptides were not identified in either of the databases, be it in silico proteolysis by PeptideCutter; with the consideration of degree of hydrolysis; or without, as in case of 'ENZYME(S) ACTION'. These peptides remained unidentified even during in silico release of the sequences as well as were not found as biologically active peptides in the databases. These peptides, along with their respective biological activity(ies) have been reported by various researchers at various instances, in the literature, but the same is not reflected in the BIOPEP database when 'PROFILES OF POTENTIAL BIOLOGICAL ACTIVITY' tool is applied on the sequences of α la or ß lg.
Conclusion
Computer aided simulation or in silico experimentations are a potential way for prediction and validation. However, there were some gaps that got addressed with the current study. Although, with PeptideCutter software, proteolysis prediction was done by workers like Pripp (2005) and Otte et al. (2007) , the latter also maintained that comparison of experimental and theoretical results remain unavoidable for better dependability. Thus, a more updated or frequently updated database is imperatively required for better prediction and/or validation. However, this is only possible when the researchers submit their findings to these databases in the form of peptides and their properties. Since, there are many different web portals handling and offering access to different databases with different tools, the heterogeneity makes it difficult for the researcher to select a specific database for submission. An integration of the existing databases, with the consent of the scientific communities or creation of a dedicated Bioactive Peptide Bank; attempting to handle all the bioactive peptides from all the known food sources i.e. animal and plant kingdom; is likely to address this problem. This will not only benefit the further researchers in pre-analysis and promote prediction research but also provide detailed information, resulting in more refined and precise outcomes. Secondly, introduction of more flexibility within the tools, that are currently not available for performing simulated proteolysis, could assist in achieving more precise predictions. Such flexibilities may include factors that directly affect the enzymatic proteolysis such as pH, time, temperature and enzyme substrate ratio, in particular, and thus the generation of bioactive peptides of different molecular weight and length, and form important variables for predicting proteolytic effect of enzyme on substrate. Availability of such variations currently lack for in silico predictions. Such tools with sufficient flexibility, be available for predictive and bioactive property targeted generation of peptides. The tools are to be chiefly those that directly form the manipulative independent variables for effective generation of these bioactive peptides, as pointed out. However, an interpretation of the discussed in silico results may also be an indication towards relative non generation of antihypertensive or antioxidant peptides at lower level of hydrolysis. It is essential to use the word 'relative' owing to the comparison of the results from the simulation; that resulted in generation of more general bioactive motifs; versus actual experimentation that was optimized with focus on generation of bioactive peptides with specific bioactivity. An effort towards more integrated and updated databases will not only benefit the scientific community but also be a reference centre for correctness of research.
